Abstract-Several low earth orbit (LEO) satellite constellations have been proposed for mobile satellite systems (MSS's). Due to nonstationary coverage regions of individual LEO satellites, the offered traffic load for each cell varies continuously. The variation of the traffic load essentially requires dynamic channel assignment. Furthermore, extremely frequent handover requests require specific techniques that prioritize the service of handover requests. In this paper, we suggest a new dynamic channel assignment (DCA) scheme which eliminates forced call terminations due to handover failure (call dropping). This scheme utilizes frequency spectrum efficiently, and can also provide users a high-quality premium service that guarantees the success of each handover procedure, called guaranteed handover service. This is based on position measurement. Finally, we compare our algorithm with some other DCA algorithms by computational experiments. The results of experiments show that our algorithm provides systems higher throughput (higher completed call ratio) as well as guaranteed handovers.
I. INTRODUCTION
Several satellite orbital constellations have been proposed for MSS's. An interesting solution is given by LEO satellites, since they permit relaxation of the constraints on the link budget, allow the use of low-power handheld mobile terminals, and ensure the earth coverage with smaller cells, so achieving a higher traffic capacity. In any MSS, the geographical area served is divided into cells. Each cell is illuminated by a radiation spot-beam of a satellite. For LEO satellites, at relatively low altitude, the resulting cells have smaller size than the ones obtained by GEO satellites. LEO satellites move with respect to a fixed observer on the Earth surface. The velocity of a LEO satellite relative to a fixed observer is very fast. Because of this nonstationary characteristic, the coverage area of a LEO satellite changes continuously. Due to nonstationary coverage regions of individual satellites, the offered traffic load for each cell varies continuously. The variation of the traffic load essentially requires dynamic resource allocation. With respect to the frequency spectrum, dynamic channel assignment (DCA) scheme is necessary.
When an active mobile subscriber goes out from a cell and enters an adjacent one, a new channel must be automatically assigned to it in order to have a seamless conversation. This procedure is called handover; it involves the rerouting of a call between two adjacent beams that may belong to either the same satellite or two adjacent satellites of the MSS's. If no channel is available in the destination cell, the handover is unsuccessful and the call is dropped.
The selection of a suitable policy for managing handover requests is a central issue in defining resource management strategies. From the user standpoint, the interruption of a conversation is more undesirable than the blocking of a newly arriving call. In LEO-MSS's, interbeam handover requests are extremely frequent during call lifetime and at each beam change the call may be dropped due to an unsuccessful handover. Hence, LEO-MSS's require specific techniques that prioritize the service of handover requests with respect to the service of new call attempts in order to reduce as much as possible the call dropping probability.
For LEO-MSS, there are many previous researches dealing with DCA [1] - [3] , and handover prioritization [4] - [10] . Moreover, a few researches dealt with handover prioritization under DCA in LEO-MSS [1] , [2] , [4] , [6] . G. Maral et al. in [6] suggested a handover prioitization scheme under fixed channel assignment scheme in LEO-MSS, which provides near-to-zero call forced termination probability due to handover failure. This scheme can provide users a highquality premium service that guarantees the success of each handover procedure, called guaranteed handover service.
In this paper, we suggest a new DCA scheme which eliminates forced call terminations due to handover failure (call dropping). This is based on position measurement. The user terminals are assumed to be equipped with Global Positioning System (GPS) receivers, and hence the user locations are known. In addition to user terminal location information, our scheme uses the characteristic of an LEO that the mobility in the system can be approximated by the deterministic movement of the satellite travel with a constant speed. The user location information and deterministic mobility model provide us the future handover behavior of a user terminal.
II. NEW DCA ALGORITHM

A. Assumptions
LEO satellites are not stationary with respect to a fixed point on the earth: the satellite ground-track speed is far greater than the earth rotation speed and the user speed.
Considering the high value of the satellite's orbital speed, we can neglect both the earth rotation speed and the user speed, i.e., the mobility in the system can be approximated by the deterministic movement of the satellite travel with a constant speed [1] , [3] . Our DCA scheme uses the current position information of each user terminal. Recent developments in the positioning technology (e.g., GPS) and the ever-increasing public awareness of the necessity of vehicle emergency services provide strong assurance that accurate position measurements will become a commercially viable reality in the near future [5] . The technique of GPS has been gaining popularity at a fast pace. It has been widely used in military operations and many commercial applications related to the provision of road safety services, fleet tracking, and intelligent transportation systems. The accuracy achieved by GPS using basic point positioning technique is 100m at the 95% probability level. If differential GPS is employed, accuracy at the 3-5m level can be achieved.
In this paper, the user terminals are assumed to be equipped with GPS receivers, and hence the user locations are known. Moreover, the spot-beams of the LEO satellites move along known trajectories on the earth surface with a constant speed. Both the deterministic spot-beam movement and the user location information provide the future locations and the handover patterns of the user terminals.
B. Algorithm Description
The coverage area is divided into cells with each cell illuminated by an antenna spot-beam of a satellite. In the illustrated example, it is assumed that all the cells are hexagonal regular for simplicity as shown in Fig. 1 , however, our DCA algorithm does not necessarily require hexagonal regular cellular layout.
Channels are assigned to cells in order to maintain the cochannel interference at an acceptable level. This means that the same channel can be used in different cells with centers distance larger than reuse distance D. With dynamic channel allocation, all channels are kept in a common pool, from which any channel can be allocated to any cell, as long as the reuse distance is guaranteed (or a certain signal quality can be maintained). In DCA schemes, the total satellite capacity can be variably shared by all beams. In centralized schemes, a channel from the central common pool is assign to a call by a centralized controller, which may reside in the satellite. In the Distributed DCA schemes, which are especially suitable for microcellular systems, base stations and users within a radio cell are responsible for the channel allocation in that cell. In this paper, we concentrate on the centralized DCA schemes.
In this section, our DCA algorithm is introduced with an example depicted in Fig. 1 . Twenty-four spot-beams are moving rightward as a result of the satellite movement. In general DCA schemes, the call setup request of the user 0 is accepted, if the cell M has an available channel. Both the deterministic spot-beam movement and the user location information make us be able to forecast when the future handovers of the user terminals in the LEO system occur. Therefore, if the call setup request is accepted, we can expect that user 0 resides in the spot-beam M until the handover instant at the time 4 t t = (configuration e). Assume that the call setup request of the user 0 is accepted at the time
If a handover request arrives by the user 0, first we liberate the channel used in the origin cell M the call originates from, and then search an available channel in the transit cell L the call enters in. If there are available channels in the transit cell, an available channel is assigned to the handover call by a certain criteria used in the DCA scheme. Otherwise, the handover call is dropped. 
respectively. Assume that the user 0 requests a handover at the time
It is sure that any user terminals in the cells of ( ) I M isn't using the channel the user 0 has used in the origin cell at the time If this is true, the channel can be assigned to the user 0 in the transit cell at the time 4 t t = , that is, the channel can remain associate with the user 0. However, it is not always possible. In other words, it is also probable that the channel is already allocated to a certain cell in the set ( ) ( )
If it is guaranteed that the channel the handover request terminal has used in the origin cell is not allocated to any of the cells in the set of interfering cells of the transit cell at the handover instant, we can provide users zero call forced termination probability. By using both the deterministic spotbeam movement and the user location information, we can assign to a new call such a channel that can be used in the transit cell that the call will enter in at the future handover instant, and hence guarantee the success of each handover to all users. We show how this can be done with an example depicted in Fig. 1 .
At time 0 t t = (configuration a), a user terminal, which is denoted as "user 0" and is located in spot-beam M, requires a connection to be set up. The small black circles represent some of the existing user terminals at the time 0 t t = , labeled as 1, 2, 3, and 4. Assume that the user i is using the channel i C , and i j C C ≠ for all i j ≠ , and there are only four available channels for the cell M. If the system uses a conventional DCA scheme like the first available scheme or the nearest neighbor scheme, we can choose a channel randomly from the channel pool and assign it to the user 0. However, our DCA algorithm chooses the channel 3 C to guarantee successful handovers in future to all users. From now on, we show how the channel 3 C can guarantee successful handovers.
Assume that the channel 1 C is assigned to the user 0 at the time 1 C . Since the two cell G and M are distant less than the reuse distance from each other, the channel 1 C can not remain associate with the user 1, if the user 0 is still active at the time 1 t t = , that is, the user 1 should be assigned an channel different from the channel 1 C . If there is no channel available for the cell G at the time 1 t t = , the user 1 is forced to terminate. Therefore, we cannot guarantee a successful handover to the user 1.
Let's examine the case that the channel 2 C is assigned to the user 0 at the time 0 t t = . This is similar to the former case that the channel 1 C is assigned to the user 0. At the time 2 t t = (configuration c), the user 2 handovers to spot-beam S. According to the same reason as for the former case, we cannot guarantee a successful handover to the user 2.
Assume that the channel 1 C is assigned to the user 0. At the time t t = (Configuration e), the user 0 handovers to spot-beam L. At this time, the user 3 resides in the cell J, using the channel 3 C . Since the two cell J and L is distant more than the reuse distance from each other, the channel 3 C can remain associate with the user 0, even though the user 3 is still active. Therefore, the handover request at the time 4 t t = can be successfully accepted. Finally, let us consider that the channel 4 C is assigned to the user 0. At the time 4 t t = , the user 0 handovers to spotbeam L, and the user 4 still resides in the spot-beam F, and is using the channel 4 C . Since the two cell L and F is distant less than the reuse distance from each other, the channel 4 C can not remain associate with the user 0, if the user 4 is still active, that is, the user 0 should be assigned an channel different from the channel 4 C . If there is no channel available for the cell L at the time 4 t t = , the user 0 is forced to terminate. Therefore, we cannot guarantee a successful handover to the user 0.
In this example, only assigning the channel 3 C to the user 0 can provide all users with guaranteed handovers. Since the user locations are known and spot-beam movement is deterministic, the occurrence times of the handover events are available. Moreover, this availability makes us be able to assign channels to new calls to guarantee successful handovers to all calls. So far we have examined the basic principle of our new DCA algorithm. From now on, we describe our new DCA algorithm more precisely. Where 0 t means the current time, and max t is the minimum of the times for the two user i and j to depart from the footprint of the satellite in question. Then, the user i and j can use the same channel while they are under the footprint of the satellite in question. Assume that at the time 0 t t = a user terminal, which is denoted "user x", requires a connection to be setup. Let us denote with ( ) The above criterion means that our DCA algorithm assigns to the user x the channel in ( )
that is being used by the user nearest to the user x. This channel selection criterion makes the channel repetition interval shorter. This is very important considering that the shorter the channel repetition interval, the greater the channel reuse over the whole system area.
We have introduced a new DCA algorithm to guarantee the success of each handover. This algorithm makes use of both the deterministic spot-beam movement and the user location information. It is worth to note that the Nearest Neighbor + 1 strategy (NN+1) in [2] also guarantee the success of each handover, if all the spot-beams are hexagonal regular. The NN+1 strategy selects the channel that is being used in the nearest cell at a distance of the reuse distance D + 1 or more. In this paper, it is assumed that the call is rejected, if no channel satisfies this condition. (Conventional NN+1 strategy selects a channel occupied in a cell at the distance of D, and then this cannot guarantee the success of each handover.) It is obvious that the NN+1 strategy assigns to a new user x a channel that is in ( )
, and hence provides zero call forced termination probability like our DCA algorithm. However, our algorithm provides a better performance than the NN+1 strategy with respect to new call blocking probability. This will be shown in the next section.
III. COMPUTATIONAL EXPERIMENTS
In this section, we evaluate our new DCA algorithm through some computational experiments. The performance of the algorithm has been investigated using an event-driven computer simulation. The satellite used in our experiment has 100 spot-beams, which are assumed to have hexagonal regular cellular layout.
We use a simple model to obtain the traffic requirements that drive the experiment. First, we divide the earth surface by Where M denotes the total number of the square regions on the earth surface. It is assumed that both the interarrival and call duration time are exponentially distributed.
The Nearest Neighbor (NN) scheme, the Nearest Neighbor + 1 (NN +1) scheme, and our new DCA algorithm are used and compared in our computational experiments. The NN strategy assigns an available channel that is being used in the nearest cell at a distance of D or more. It is known that the NN strategy has the lowest blocking rate under light traffic [2] . The Nearest Neighbor + 1 (NN +1) scheme was briefly introduced in the previous section. The forced call termination probability of this scheme is less than the NN strategy because the mobile terminal is likely to keep the present channel when moving into an adjacent cell. We already have mentioned that this strategy can provide zero call forced termination probability in LEO-MSS like our DCA algorithm in the previous section. Fig. 2 shows the new call blocking probabilities for these three DCA scheme. The mean call duration time is assumed to be 120 seconds. The NN strategy has the best performance with respect to the new call blocking probability. And the NN+1 strategy has the worst performance. This means that our algorithm is better than the NN+1 strategy, since the two DCA scheme have the same performance with respect to forced call termination. The performances of these DCA schemes with respect to the handover dropping probability are shown in Fig.  3 . As mentioned earlier, our DCA algorithm and the NN+1 strategy provides zero forced call termination probability. It is interesting that the handover dropping probability of the NN strategy is lower than the new call blocking probability of this, even though this strategy doesn't prioritized the handover calls. This is due to the fact that an available channel for a cell is likely available for the adjacent cell, since the two cells have a lot of common interfering cells. Fig. 4 shows the completed call ratios for these DCA schemes. The completed call ratio is defined as the following and is closely related with the throughput of the system. number of blocked or dropped calls completed call ratio = 1 total number of arrived calls − Our DCA algorithm is comparable to the NN strategy with respect to the completed call ratio as shown in Fig. 4 . The NN+1 strategy has a good performance with our algorithm in respect of the handover dropping probability, however has an inferior completed call ratio in comparison with the NN strategy and our DCA algorithm. Finally, our scheme utilizes frequency spectrum efficiently, and can also provide users a high-quality premium service that guarantees the success of each handover procedure, called guaranteed handover service. Fig. 5, 6 , and 7 show the blocking probability, dropping probability, and completed call ratio when the mean call duration time is set to 240 seconds. The results are similar to that in Fig. 2, 3, and 4 . An interesting point is that the performance of our algorithm is slightly better that the NN strategy in respect of the completed call ratio as opposed to the case that the mean call duration time is 120 seconds. This shows that the more frequent handovers occur, the NN strategy produce the worse performance under the same traffic load. In other words, long mean call duration time or small spot-beam radius drives to use our algorithm.
IV. CONCLUSIONS
In this paper, we suggest a new DCA scheme which eliminates forced call terminations due to handover failure (call dropping). This is based on position measurement and the characteristic of an LEO that the mobility in the system can be approximated by the deterministic movement of the satellite travel with a constant speed. The user location information and deterministic mobility model provide us the future handover behavior of a user terminal. The Nearest Neighbor (NN) scheme, the Nearest Neighbor + 1 (NN +1) scheme, and our new DCA algorithm are used and compared in our computational experiments. The results of the computational experiments have shown that the completed call ratio of our algorithm is comparable with that of the NN strategy while our algorithm guarantees the success of each handover. Also, our scheme uses spectrum more efficiently than NN+1 scheme, while providing guaranteed handover. 0-7803-7467-3/02/$17.00 ©2002 IEEE.
